This paper deals with use of machine vision for the needs of automated inspections based on virtual instrumentation using a visualization tool named Vision Builder for Automated Inspection (VBAI) -National Instruments (NI). An application for camera tests of dimensions, shapes and presence is designed in experimental parts. This work is focused on the control, detection and distribution properties of internal holes.
INTRODUCTION
Machine vision (Steger et al., 2018; Gongal et al., 2016) is to use the camera in the industry for processing image information via a superior system, in which the algorithm is created and then its outcome affects automated decision-making tools and information systems. Typically, this is a check of the completeness and defect of the product within the production line. The image-based system evaluates which products are correct or defective (Jain et al., 1995; Sonka et al., 2014) .
The basic hardware for machine vision is a camera, another optional hardware according to the task is a lens, a filter and an illuminator. In practice, this is primarily an industrial camera that differs from the classic camera by resistance to vibration, dust, higher temperatures and its features of faster data transfer, resolution, and more. The industrial camera is also designed to be fitted with a lens or filter. The lenses are the camera's optical system and are used to focus the subject, filters for filtering unnecessary or unwanted wavelengths from the image, and illumination to illuminate the subject to obtain better picture quality (Simpson et al., 2003; Kuhajda et al., 2015) .
Supervisory system is software for creating automated inspection, that can by using different tools to solve problems of vision. There are several software and this work is specifically targeted at Vision Builder for Automated Inspection (VBAI) from National Instrument (NI) (Vermaak et al., 2015; Sanchez et al., 2018) . VBAI is software often used in the industry to perform medium-sized inspections. The advantage is that it contains precreated tools for working with the image and it's just about using it and setting it up. The individual tools can be combined to create a fully functional automatic inspection. This paper focuses on the dimensions, shape and presence of tests, namely the inspection of the cogwheel. There are more programs for machine vision software development -in this article, LabVIEW or Vision Builder for Automated Inspection by NI (Hryniewicz et al., 2015; Joshi et al., 2016) .
MATERIALS AND METHODS

Camera
In lab report, considering the easy availability and price used Microsoft LifeCam Studio (Fig. 1) , (Saberioon et al., 2016; Yoshida et al., 2018) with a resolution of 1920 × 1080 (Full HD), autofocus and features TrueColor for bright and colorful video in all lighting conditions. It is only a webcam, but it is sufficient for laboratory tasks that are not realized in an industrial environment. The camera was chosen primarily because of its properties of high resolution, autofocus and low prices.
Illumination
To illuminate objects in the lab report used Backlight illuminator in combination with universal controller CM-01 Mini from Smart View for optimum brightness lighting. The source of light used by the illuminator is LED lights.
• Back-light BL-130W: used to backlight the subject and highlight its contours and shapes, in order to determine the automatic inspection of its parameters (size, number of holes, etc.). Parameters: supply voltage 24 V, power consumption 7.6 W, active area dimensions 130 × 130 mm and color of light emitted white. In Fig. 2 you can see Back-light BL-130W.
• Universal Controller CM-01 Mini: used to control the light intensity of the lights Smart View company with a supply voltage of 24 V. In Fig. 3 is Universal Controller CM-01 Mini.
The Inspection of the Cogwheel
The current experimental part deals with inspections of the cogwheel, resulting in the number of teeth and internal holes in the cogwheel.
Implementation
The camera captures the image from above, and below it, the BL-130W back-light illuminator is located at the appropriate distance, on which active objects have been placed scanning objects. A suitable distance means so that the camera could record the items entered on the backlight illuminator. In Fig. 4 you can see hardware compilation.
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Inspection of the Cogwheel Using Virtual Instrumentation 1495 pioneer, next just the Cogwheel #2. As shown in Fig. 5 , the Cogwheel #1 has 28 teeth and 7 internal holes, including the center, which is larger; and the cogwheel 2 has 34 teeth and only one internal hole, which is also the center. These parameters had to be verified by automatic inspection and listed on the screen. To determine the type of gear, the number of internal holes has been selected and the diameter of the internal holes is checked for correct size of the internal holes of the sprocket. Based on camera testing, the minimum and maximum values for the diameters of the internal holes are listed in Tab. I.
The lab is divided into 4 parts. In the first part, is called distribution, there is a code for image editing and detection of internal holes. The second part, is called CW1, contains the Inspection Code for the Cogwheel #1 and the third part CW2 contains the Inspection Code for the Cogwheel #2. The condition for moving to a section called CW1 is that the number of internal holes is greater than 1 and the transition to CW2 equal 1. If the condition for transition to CW1 and CW2 is not met, the inspection will go to the fourth part called other CW, which solves the possibility of finding a different type of cogwheel. In Fig. 6 , you can see state diagram.
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Calibration
We must calibrate the system periodically (in this case calibration of the meter) after the intervention into the optical system or into operation. This calibration is very simple. Using the known length gauges will learn the system, what lengths a resolution in X and Y. After creating a calibration pattern image, we start the image calibration setup function. Then place the cursors on the calibration sample with known dimensions and enter the actual distance of the two points into the calibration function, see Fig. 8 . The calibration pattern was created using a ruler image inserted on the backlight illuminator. To step calibration was then entered a dimension of 10 millimeters. The program will internally calculate the resolution of the image in the particular axis.
Convert to 8-bit Format
The image is using this step to convert the image assistant from 32-bit format to 8-bit format. To convert the selected green component of the RGB image and the image becomes black and white, which is suitable for the next step.
Detection of Internal Holes
Detection of internal holes is set to detect light objects, that is to say, holes of the cogwheel. For detected objects, the selected parameter is their diameter. The minimum hole size detected was selected at 10 mm 2 so that even smaller holes were found and compared to the calculator step. The minimum number of detected objects is set to 1 and maximum to 7. In Fig. 9 is example of the step of detecting the internal holes of the cogwheel and in Fig. 10 is the setting.
The Description of CW1
This consists of detection Cogwheel #1, coordinate setting 1, number of teeth 1, calculator 1, evaluation 1, and display data on screen 1.
In the cogwheel detection step, the cogwheel is detected and the wheel center position is displayed. After detection of the cogwheel, the step of coordinating the Cogwheel #1 is set to the center of the cogwheel. Then, in the number of teeth 1, a circle intersecting its teeth is drawn around intervention into the optical system or into operation. This calibration is very simple. Using the known 112 length gauges will learn the system, what lengths a resolution in X and Y. After creating a calibration 113 pattern image, we start the image calibration setup function. Then place the cursors on the calibration 114 sample with known dimensions and enter the actual distance of the two points into the calibration 115 function, see fig. 8 . The calibration pattern was created using a ruler image inserted on the back-light 116 illuminator. To step calibration was then entered a dimension of 10 millimeters. The program will 117
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Convert to 8-bit format 121
The image is using this step to convert the image assistant from 32-bit format to 8-bit format. To 122 convert the selected green component of the RGB image and the image becomes black and white, 123
which is suitable for the next step. 124
Detection of internal holes 125
Detection of internal holes is set to detect light objects, that is to say, holes of the cogwheel. For 126 detected objects, the selected parameter is their diameter. The minimum hole size detected was 127 selected at 10 mm 2 so that even smaller holes were found and compared to the calculator step. The 128 minimum number of detected objects is set to 1 and maximum to 7. In fig. 9 is example of the step of 129
detecting the internal holes of the cogwheel and in fig. 10 is the setting. This consists of detection Cogwheel #1, coordinate setting 1, number of teeth 1, calculator 1, 136 evaluation 1, and display data on screen 1. 137 10: Setting the step of detecting the internal holes of the cogwheel the center of the cogwheel, thereby detecting the number of teeth of the cogwheel. In the next step, the calculator 1 verifies the dimensions and number of internal holes to see if they are correct. Finally, an evaluation step 1 is used to determine the accuracy of the entire inspection and to print the data on the screen by the step of listing the data on screen 1. In Fig. 11 is the description of CW1.
Detection of Cogwheel 1
Detection of cogwheel is set so that a dark object, such as a sprocket and its center, is detected. The minimum and maximum number of detected objects is set to 1. The minimum size of the detected object area is set according to the area of the sprocket at 1800 mm 2 that is determined by this step. In Fig. 12 you can see example of the step of detecting the cogwheel and in Fig. 13 is the setting.
The coordination is set to the center of the gear in the previous step and ensures that the gear can be moved both vertically and horizontally.
The number of teeth 1 is performed using the Edge Find function, which, by means of a circle drawn around the center of the cogwheel and intersecting the teeth of the cogwheel, records the transition between the light and dark surfaces and calculates the total number of transitions. The total number of transitions (teeth) is set to maximum and minimum to 28. In Fig. 14 you can see example of numbers of teeth and in Fig. 15 is the setting.
The calculator evaluates whether the diameters of the internal holes are within the minimum and maximum values of the diameters. If the diameter is within the limits, it is added to the number 1. The evaluation of this step is set so that for the correctness of the step 1 more center hole and 6 smaller round holes have to be found.
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Data listening is centered on the right side of the screen. The data listed are the type of cogwheel, the number of teeth, the total number of internal holes and the overall inspection evaluation. The overall evaluation is set so that if an error occurs in any of the previous steps, the entire inspection will be evaluated as incorrect.
The Description of CW2
After distributing and fulfilling the conditions for going to CW2, the CW2 procedure follows, which is similar to the CW1 procedure, but it contains a different step setting and does not include a step calculator. In Fig. 16 is the description of CW2. The calculator evaluates whether the diameters of the internal holes are within the minimum and 168 maximum values of the diameters. If the diameter is within the limits, it is added to the number 1. The 169 evaluation of this step is set so that for the correctness of the step 1 more center hole and 6 smaller 170
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Detection of cogwheel 2 182
The detection of the gearwheel 2 is set, just as the Cogwheel #1 detects only the Cogwheel #2. 183
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Detection of Cogwheel 2
The detection of the gearwheel 2 is set, just as the Cogwheel #1 detects only the Cogwheel #2.
The coordination is set at the center of the Cogwheel #2 of the previous step and ensures that the gear can be moved both vertically and horizontally.
The number of teeth 2 has the same function as the number of teeth 1, but a larger circle is drawn around the center of the cogwheel 2 by the previous step of coordinate setting 2. The total number of teeth is set to a minimum to 34. In Fig. 17 is example of number of teeth 2 and in Fig. 18 is the setting.
The overall evaluation is set so that if an error occurs in any of the previous steps, the entire inspection will be evaluated as incorrect.
Data listening is centered on the right side of the screen. The data listed are the type of cogwheel, the number of teeth the number of teeth, the number of internal holes, and the overall evaluation of the inspection.
The Description of Other CW
After distributing and failing to meet either of the conditions for transition to CW1 or CW2, a move to the other CW part, which contains only two steps, will occur. The first evaluation step 3 will always evaluate the inspection as incorrect, and the second display of data on screen 3 will display the unknown or defective type of cogwheel and the status of the entire inspection on the right of the screen. In Fig. 19 you can see the description of other CW.
Example of Automatic Inspection
This automatic inspection checks for a faulty LED on the LED strip by detecting the distance between the diodes. The entire inspection can recognize up to 3 faulty LEDs. After the entire automatic inspection, the data at the bottom right of the screen are the number of LEDs found, the number of LEDs defective, and the entire automatic inspection. The first and last LEDs are searched separately in the specified area and if no first or last LED is found on the screen, they are not found. This automatic inspection is limited only to the selected type of LED strip with 16 mm diode spacing. Fig. 20 and Fig. 21 show example of correct and bad automatic inspections.
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Example of automatic inspection 208
This automatic inspection checks for a faulty LED on the LED strip by detecting the distance 209 between the diodes. The entire inspection can recognize up to 3 faulty LEDs. After the entire 210 automatic inspection, the data at the bottom right of the screen are the number of LEDs found, the 211 number of LEDs defective, and the entire automatic inspection. The first and last LEDs are searched 212 separately in the specified area and if no first or last LED is found on the screen, they are not found. 213
This automatic inspection is limited only to the selected type of LED strip with 16 mm diode spacing. 
CONCLUSION
The use of a machine vision system is essential; basically there are two types of analytical techniques: edge detection/match between pattern image and area in the analyzed image. Edge detection tasks are quicker, and especially less computer-intensive, to convert the analyzed image to a black and white image, reducing accuracy by losing the color difference information of objects. Automatic inspection checks for the correct number of teeth and internal types of gears. The entire inspection is limited to only two types of gears. If the condition for transition to the second or third part is not met -the inspection goes to the fourth part, where the check is always evaluated and the text is on the right side of the screen unknown or incorrect control status. If it has been found that one of the gears has the correct number of teeth and the internal holes the entire control is correct.
